The angioarchitecture of the coeliac sympathetic ganglion complex (CGC) of the common tree shrew (Tupaia glis) was studied by the vascular corrosion cast technique in conjunction with scanning electron microscopy. The CGC of the tree shrew was found to be a highly vascularised organ. It normally received arterial blood supply from branches of the inferior phrenic, superior suprarenal and inferior suprarenal arteries and of the abdominal aorta. In some animals, its blood supply was also derived from branches of the middle suprarenal arteries, coeliac artery, superior mesenteric artery and lumbar arteries. These arteries penetrated the ganglion at variable points and in slightly different patterns. They gave off peripheral branches to form a subcapsular capillary plexus while their main trunks traversed deeply into the inner part before branching into the densely packed intraganglionic capillary networks. The capillaries merged to form venules before draining into collecting veins at the peripheral region of the ganglion complex. Finally, the veins coursed to the dorsal aspect of the ganglion to drain into the renal and inferior phrenic veins and the inferior vena cava. The capillaries on the coeliac ganglion complex do not possess fenestrations.
visceral abdominal pain which is not responsive to routine therapy (Ventafridda & De Conno, 1984 ; Fischer & Schmidt, 1987 ; Wald-Oboussier et al. 1987 ; Romanelli et al. 1993) . With the substance Pimmunoreactive method in conjunction with light and electron microscopy, it has been found that sensory nerve fibres from the alimentary tract that traverse the ganglion may also form collateral synapses within it (Matthews & Cuello, 1982 ; Matthews et al. 1987) . Moreover, with respect to the permeability of ganglionic blood vessels, a recent study has shown that continuous capillaries in the prevertebral ganglion may in some species be permeable to lanthanum ions (Chau & Lu, 1996) , i.e. the absence of capillary fenestrations need not preclude high vascular permeability. As information regarding the 3-dimensional microvascularisation of the coeliac ganglion elucidation is limited, it is therefore of interest to investigate the sources of blood supply and angioarchitecture of the CGC by means of 3-D observations using the vascular corrosion cast technique in conjunction with scanning electron microscopy. In this study, the common tree shrew (Tupaia glis), an animal regarded as a primitive primate (Walker et al. 1964 ; Lekakul & McNeely, 1977 ; Palley et al. 1984) , has been employed.
  
Ten adult common tree shrews (Tupaia glis) of both sexes, weighing 110-180 g were anaesthetised with ether and injected with Batson's no. 17 plastic mixture into the circulation according to the method described by Chunhabundit & Somana (1988 , 1991 . Briefly, the thoracic wall was opened and 0n05 ml heparin (Leo, 5000 IU\ml) injected into the left ventricle to prevent blood clotting. Circulating blood was then rinsed out by perfusion with 200 ml of 0n9 % NaCl solution into the left ventricle while the right atrium was cut open. Thereafter a blunt needle (18 gauge) was inserted into the thoracic aorta and clamped in place. 20 ml of freshly prepared Batson's no. 17 plastic mixture was then injected manually at the rate of 8 ml\min through the cannula (Bamroongwong et al. 1991) . The thoracic aorta and the inferior vena cava were ligated, and animal was left for 30 min at room temperature to allow the casting medium to set. Each CGC was carefully removed together with surrounding structure and incubated at 80 mC for 2 h to assure complete polymerisation of the plastic within the blood vessels. For intraganglionic observation, 5 ganglia were sectioned longitudinally with razor blades. Each specimen was corroded in 40 % KOH solution overnight at room temperature. After careful and prolonged rinsing in many changes of distilled water, the vascular casts of the CGC were air dried, mounted on metal stubs with conductive silver paint, coated with gold\palladium, and viewed under a scanning electron microscope (SEM) at an accelerating voltage of 20 kV.
In addition, 2 CGCs were fixed with 2n5% glutaraldehyde in 0n1  phosphate buffer solution (PBS), pH 7n4 for 2 h at 4 mC before postfixation with 1 % OsO % in 0n1  PBS. The specimens were then dehydrated through a graded series of ethanol, infiltrated and embedded in Araldite 502. Longitudinal sections (1 µm) of the CGC were stained with 1 % toluidine blue and examined in a Hund H500 LL microscope. Ultrathin sections with silver-grey interference were collected on copper grids and stained with uranyl acetate and lead citrate before study under a transmission electron microscope (Hitachi H-300) at an accelerating voltage of 75 kV.


General morphology of the CGC
Histological investigation of semithin sections of the common tree shrew CGC revealed that it is a highly vascularised organ. After penetrating the ganglion, the arteries gave rise to subcapsular capillaries that enclosed the organ (Fig. 1) . The majority of the intraganglionic blood vessels were capillaries. These capillaries tended to course tortuously, and were frequently found to form loops surrounding the ganglionic neurons (Fig. 2) . Occasionally, small granule-containing cells and mast cells were observed adjacent to the related capillaries (Fig. 3) .
With transmission electron microscopy, it was found that small granule-containing cells (small intensely fluorescent or SIF cells) were occasionally found among the ganglionic neurons (Fig. 4) . These cells contained typical dense-core granules in their cytoplasm (Figs 4, 5) . In addition, the capillaries in close relation to the ganglionic neurons consisted of a single layer of flat endothelial cells of continuous type (Fig. 6 ). Capillaries with fenestrations were not detected. The capillary endothelium found in the near vicinity of the small granule-containing cells was also of continuous type.
With the vascular corrosion cast technique in conjunction with SEM, at low magnification it was found that the CGC was a diffuse organ. It usually consisted of 2 main masses, the left and right ganglia. The location of the CGC varied somewhat among individuals. However, most were situated opposite the 13th thoracic to 1st lumbar vertebrae on the anterior and lateral aspects of the abdominal aorta (AA) and closely associated with the coeliac artery (CA), superior mesenteric artery (SMA), both renal arteries (RA) and the adrenal glands. Each ganglionic mass was oval in shape. The size of the left ganglion was " 0n45i1n00i0n50 mm, while that of the right was 0n25i1n00i0n50 mm (Fig. 7) . The CGC had a rich vascular supply normally derived from branches of the AA (Fig. 8) , superior suprarenal arteries (SSA) (Fig. 9) , inferior phrenic arteries (IPA) (Fig. 10) and inferior suprarenal arteries (ISA) (Fig. 11) . In some animals, the CGC was also supplied by branches of the CA (Fig. 12) , middle suprarenal arteries (MSA) (Fig. 13 ), SMA and lumbar arteries (LA). The arteries approached the ganglion at variable points and in slightly different patterns. 
Angioarchitecture of the CGC
On approaching the ganglion, the artery from each source divided into peripheral branches which further gave rise to a subcapsular capillary plexus, while the main trunk penetrated deeply into the ganglion to form the internal or intraganglionic capillary network. Views of the longitudinal cut surface of the CGC vascular casts revealed that the intraganglionic and subcapsular capillaries were tortuous and densely arranged (Fig. 14) . They anastomosed with each other and formed loops around the space in which ganglionic neurons were presumably located. In addition, there was a regular distribution of capillaries within the ganglion. It was also noted that the cast surfaces of these capillaries were smooth, indicating that they lacked fenestrations. The subcapsular as well as the intraganglionic capillaries joined to form venules before draining into collecting veins at the periphery of the CGC (Fig. 15) . These veins curved dorsally to join the renal veins, the inferior phrenic vein and the inferior vena cava.

The results of this study illustrate that the CGC of the common tree shrew is a diffuse organ with variable boundaries, as has been found in the dog (Grottel, 1971) , rat (Baljet & Drukker, 1979 ; Hamer & Santer, 1981) , and man (Paz & Rosen, 1989) . It is usually situated lateral to the AA at the roots of the CA and SMA as well as being closely associated both with the renal arteries and the adrenal glands. Although this complicated ganglion is rather small, it plays a very important role in innervating the blood vessels and enteric nerve plexuses of abdominal viscera, influencing the functions of the involuntary musculature as well as that of the glands in the walls of the viscera through its postganglionic nerve fibres which accompany the CA, SMA, RA and their branches (Baljet & Drukker, 1979) . Thus it modulates and adjusts the synaptic input both from the peripheral (enteric) and the central nervous systems (Szurszewski, 1981 ). It appears that several sources of blood supply to the CGC are essential to ensure such active Fig. 9 . SEM of a cast of the CGC demonstrating a branch of the suprarenal artery (ssa) giving branches (arrowhead) to supply the ganglion (G) after encircling it. Bar, 100 µm. functions. The findings of the present study concerning the sources of blood supply to the CGC are similar to those in the dog and the rat. The sources of blood supply of the CGC in the dog are the IPA, MSA, the phrenicolumbar arteries, and occasionally the CA, SMA, AA, renal arteries, and also as an unpaired artery situated caudally to the SMA (Grottel, 1971) . In the rat, however, the principal blood supply of the CGC is derived from the IPA and gonadal arteries and, to a lesser extent, from small branches of the renal artery and ISA (Hamer & Santer, 1981) . The findings of this study and those of previous authors indicate that the blood vessels supplying the CGC are mainly from the AA as well as from its later, ventral and dorsal branches. Some variations of the blood supply to the CGC are often found, owing to the fact that the CGC is a diffuse organ with a somewhat variable configuration.
The angioarchitecture of the tree shrew CGC is similar to that of the superior cervical ganglion (SCG) of the same animal (Chunhabundit et al. 1993 ) and the SCG of the rat (Chunhabundit et al. 1992) in that they possess a tortuous and densely packed subcapsular capillary plexus as well as intraganglionic capillary networks. These capillaries were evenly distributed throughout the CGC, indicating that the neurons in the ganglion were homogeneously located, as has been shown in the SCG. The vascular cast of the CGC could easily be differentiated from those of nearby organs (fat pads and lymph nodes) in which the vascular networks were less dense (Fig. 16) . Furthermore, the casts of the capillaries in the tree shrew CGC are smooth, indicating that they are of the continuous or nonfenestrated type as in the SCG of this animal (Heym & Williams, 1979 ; Samritthong et al. 1992) . This differs from the rat and guinea pig in which the SCGs contain both fenestrated and nonfenestrated capillaries (DePace, 1981 ; Jew, 1985 ; Mekhail et al. 1990 ; Chau et al. 1991) indicating that the blood vessels and blood ganglionic barrier differ somewhat between animal species.
As has been demonstrated in different sympathetic ganglia (Falck, 1962 ; Corrodi & Hillarp, 1963 , 1964 Era$ nko$ & Harkonen, 1965 ; Norberg et al. 1966 ; Bjo$ rklund et al. 1970 ; Elfvin et al. 1975) , including the superior cervical ganglion of the tree shrew (Chun- Fig. 12 . SEM of a CGC vascular cast demonstrating a branch (ca) of the coeliac artery giving branches (arrowheads) that form a subcapsular capillary plexus (asterisk). Note that its main trunks (arrows) penetrate deeply into the ganglion to form intraganglionic capillary networks. Bar, 100 µm. habundit et al. 1993), this study showed that the tree shrew CGC also possesses the small granule-containing or small intensely fluorescent (SIF) cells. As these cells have been shown to contain catecholamines (Norberberg et al. 1966) and are associated with neurons in the sympathetic ganglia of various animals (Falck, 1962 ; Corrodi & Hillarp, 1963 , 1964 Era$ nko$ & Harkonen, 1965 ; Norberg et al. 1966 ; Bjo$ rklund et al. 1970 ; Elfvin et al. 1975 ) including man (Helen et al. 1980) , the SIF cell in the CGC could also play a role in modulating the function of postganglionic sympathetic neurons has been suggested by Siegrist et al. (1968) , Williams & Palay (1969) and Era$ nko$ & Era$ nko$ (1971) .
This elucidation of the sources of blood supply and the arrangement of the angioarchitecture of the CGC by the present study may provide an additional information for future studies and clinical applications.
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